This article presents an explorative study of the hand function performance of Chinese elderly with and without a history of cerebrovascular accident (CVA). A total of 64 subjects (36 male and 28 female) aged between 60 and 85 years were recruited for the study. Their hand function was measured by the Chinese version of the Jebsen Hand Function Test, the Chopsticks Manipulation Test, and grip strength. Results showed that hand function in Chinese elderly with a history of CVA was poorer than hand function in their healthy counterparts. In the unilateral hand function tests, the paretic hands of those with CVA performed more poorly than those without CVA (t-values: 2.257t-7.087; p = 0.05; df = 13, 17). Moreover, the non-paretic hands of those with CVA were also found to have poorer scores in some of the hand tests, namely: writing, turning pages, picking up small objects, simulated feeding, stacking chess pieces, and picking up large light cans (t-values: 2.425-5.928; p = 0.05; df = 13, 17). These results appear to refute the theory that the non-paretic side often has no deficit; hence, it is clinically important to assess the hand functions of both hands for patients with CVA. In order to achieve earlier functional recovery, hand function training programmes for patients should incorporate training of the affected as well as the unaffected hands in patients with CVA.
Introduction
A cerebrovascular accident (CVA) is an early clinical sign of a focal disturbance of cerebral function, presumably of vascular origin, and of more than 24 hours' duration. Upper limb hemiparesis or hemiplegia is a common side-effect of CVAs experienced by rehabilitating patients (Stern, 1994) . Active rehabilitation procedures tend to emphasize the recovery of sensorimotor function of the plegic/paretic side. Previous researchers have found that there is diminished strength and function in the upper extremities of the paretic side of CVA patients (Watkins, Harris & Kozlowske, 1984; Smutok et al, 1989; Desrosiers, Bourbonnais, Bravo, Roy, & Guay, 1996) . The non-paretic side is often assumed as having no deficit and acts a reference to monitor the recovery patterns of clients (Desrosiers et al, 1996) . Post-CVA, the compensatory action of the non-paretic side renders it stronger than the affected side (Blanc-Garin, 1994; Spaulding, McPherson, Strachota, Kuphal, & Ramponi, 1988) . However, some studies have found that the non-paretic hand is actually weaker than the paretic hand Hong Kong Journal of Occupational Therapy (Watkins et al, 1984; Smutok et al, 1989) . This can be explained by the idea that the non-paretic hand is used less frequently to conduct fine tasks during the rehabilitation phase, with more attention being paid to the paretic hand (Desrosiers et al, 1996) . Gauthier and colleagues (1992) found that the force production on the non-paretic limb was reduced by the lack of contralateral stabilization from the paretic hand. Additional evidence showed that the ipsilateral, healthy corticospinal system that contributes to recovery of movement following brain damage is found in descriptions of decreased strength and subtle motor abnormalities in the uninvolved arm following stroke (Brodal, 1973; Jones, Donaldson, & Parkin, 1989) . This study aimed to investigate whether there was any difference in function between the non-paretic hands of Chinese elderly with CVA and the hands of healthy Chinese elderly. Apart from measurement of hand strength, this study also looked at changes in hand function, as indicated by the Jebsen Hand Function Test (JHFT). Results indicating that non-paretic hands become weaker during CVA rehabilitation would support the idea that therapists should focus on the training of the paretic as well as the non-paretic hand.
Methods
We adopted a cross-sectional retrospective research design to investigate the hand function of Chinese elderly with and without hemiplegia. A convenience sample of 64 subjects, aged 60 to 85 years, were recruited. Half of them (18 male and 14 female) had experienced CVA with left hemiplegia. The reason for selecting subjects with left hemiplegia was that most Chinese people are right handed (Tsang, 1999) . By selecting the non-dominant hand as the paretic hand, the effect of hand dominance in measuring hand function was minimized, thereby making the two groups more homogenous for comparison. The selected CVA subjects were medically stable, without sensorimotor deficits other than those related to CVA. Subjects with visual perceptual deficits, cognitive deficits or major depression were omitted from the study. The participants underwent the Chinese version of the JHFT (Chan, Chan, Soo, & Li-Tsang, 1997) , the Chopsticks Manipulation Test (CMT) (Tsang, 1999) , and measurement of grip strength with the Jamar dynamometer.
Chinese Version of the JHFT
The JHFT is a standardized test to assess daily hand function. It consists of seven sub-tests simulating some of the common daily activities involving hand use: 1) writing; 2) turning over 3 x 5 inch cards (simulated page turning); 3) picking up small, common objects (e.g., US penny coins, paper clips, bottlecaps) and placing them in a container; 4) simulated feeding; 5) stacking checkers (test of eye-hand coordination); 6) moving large (no. 33), empty cans; and 7) moving large (no. 33), full 1-pound cans. Since the proposed study took place in Hong Kong, the Chinese version of the JHFT was used (Chan et al, 1997) instead of the English version described in the original study (Jebsen, Taylor, Trieschmann, Trotter, & Howard, 1969) . A stopwatch was used to record the time needed (in seconds) for subjects to complete each sub-test; the time for each subtest is the score of the sub-test. This assessment tool was applied in both the pilot and main studies.
Chopsticks Manipulation Test
The CMT was designed by Tsang in 1999 to assess the ability of a person to manipulate chopsticks. The assessment tools consisted of a 3 x 5-inch plastic box with a lid, 10 kidney beans (each 5/8-inch in length) and a pair of chopsticks. The empty plastic box was placed 2 inches from the edge of the table. The plastic lid with beans on top of it was placed behind the plastic box. The subject was required transfer the beans from the lid into the plastic box. The test was scored by the recorded time (in seconds) required to complete the bean transfer. The test-retest reliability of the CMT was 0.89 and has been found to be a valid and reliable tool for the measurement of chopstick manipulation among Chinese (Tsang, 1999) .
Grip Strength Measurement
Each subject's grip strength was assessed using the Jamar dynamometer, which has been found to be the most reliable and valid tool for measurement of grip strength (Fess & Moran, 1981) . The position for assessment was according to standard procedures of the American Society for Hand Therapy (ASHT). The subject sat comfortably on a chair with the elbow in 90 degrees of flexion and the wrist in a neutral position. The arm was held adducted to the chest wall. Table 1 summarizes the demographic data of the two groups. The subjects of both groups were matched for gender, age range, and hand dominance. Independent t-tests further showed that the confounding effect of age on hand function was minimized (t = 0.020 for men, -0.240 for women, and -0.140 for men and women combined). Table 2 illustrates the differences between the performance of the paretic hands of subjects with left hemiplegia and the non-dominant hands of healthy subjects in the JHFT. The
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Hong Kong Journal of Occupational Therapy paretic hands of subjects with CVA performed significantly more poorly than the non-dominant hands of the subjects without CVA in all the seven sub-tests. The significance of the t-test ranged from 0.000 to 0.033. The p value in sub-tests 6 and 7 (picking up large light cans and picking up large heavy cans) ranged from 0.020 to 0.033, slightly higher than in other subtests, which ranged from 0.000 to 0.007. The differences in mean scores between the two groups in sub-tests 6 and 7 (picking up light and heavy cans, respectively) were smaller than the differences between other sub-tests. Table 3 illustrates a comparison of hand function scores of the non-paretic hands among the two subject groups. We found that male subjects with CVA had significantly poorer hand function than healthy subjects in all the sub-tests of the JHFT (t-values: 2.425-5.928; p = 0.05; df = 13, 17). Similar findings were observed for the female subjects except in item 7, wherein the level of significance was 0.069. Table 4 illustrates the differences in grip strength between the paretic and non-dominant hands among the two groups. Those subjects with CVA had weaker grip strength (t-values: 4.571-4.987; p = 0.00; df = 13, 17) when compared to those without CVA. Table 5 shows the results of grip strength measurements among two groups: the non-paretic hands of CVA sufferers and the dominant hands of healthy subjects. No significant difference was found between the two groups (p > 0.05). Table 6 illustrates the results of the CMT. There was deterioration in hand dexterity of CVA sufferers (p < 0.05), even though they performed the test using their good hands.
Discussion
In this study, subjects with CVA had decreased grip strength and poorer hand function on the paretic side. Previous research has also documented that CVAs result in deterioration of hand function (Smutok et al, 1989; Desrosiers et al, 1996) . The deterioration of hand function skills is due to the interference of nervous control from the damage created by the stroke. Some may have permanent paralysis, while others may have diminished hand control, especially in fine dexterity tasks such as picking up small objects. We also found that subjects performed better in gross gripping (large cans) compared with smaller object gripping. This may be attributed to the diminished sensory function of the hand or the loss of visual perceptual abilities of patients in conducting fine motor tasks.
It was also interesting to find that the so-called non-paretic hands of CVA sufferers had poorer function skills when compared to those subjects without CVA. Desrosiers et al (1996) explained that the decreased frequency of use of the non-paretic hand for fine tasks might result in decreased manual dexterity and motor coordination. They observed that the subjects with hemiplegia reported themselves as being less active than their healthy counterparts. In addition, they found that gross dexterity and kinesthesia of the non-paretic upper extremity were statistically related to activity level. It is possible that the daily tasks of subjects with hemiplegia are mainly gross tasks, such as self-care activities, and these allow them to maintain grip strength and gross motor skills. There are relatively fewer fine tasks that would enhance manual dexterity and coordination. Desrosiers et al also suggest that dexterity, coordination, and global performance could be increased, or at least maintained, through practice. However, this does not explain the poorer performance in the CMT of subjects with left hemiplegia in our study. All subjects reported that they continued to use chopsticks with their dominant/non-paretic hand; therefore, their chopstick manipulation ability should have been maintained. It could be explained that the damage to the brain poststroke may also affect the ipsilateral side of the body, hindering the overall motor performance of a person. Jebsen, Griffith, Long, & Fowler (1971) also tried to explain the poorer hand function of the non-paretic hands of subjects with hemiplegia. They suggest that motor deficits on the normal side might cause secondary destruction of upper motor neurons, which remain ipsilateral throughout their course. Sensory deficits on the normal side may also affect the ipsilateral ascending sensory fibers or of cerebral cells which receive these fibers. Moreover, widespread destruction in one cerebral hemisphere may result in integration of new associational pathways from intact neurons in the same or opposite hemisphere. The newly assumed function of the intact areas may adversely affect their previous function. Although most of the corticospinal fibers decussate in the medulla, a significant proportion remains uncrossed and forms the ventral corticospinal tract (NybergHansen & Rinvink, 1963; Nathan, Smith, & Deacon, 1990 ). In addition, it is possible that a lesion in one hemisphere resulting from a vascular cause interrupts corticobulbar and corticoreticular projections. Consequently, it affects subcortical structures involved in motor control (Kuypers, 1981) . Therefore, one cannot exclude the fact that the integrity of these descending pathways is necessary to achieve some motor performance on the non-paretic side (Desrosiers et al, 1996) .
Clinical Significance
The results of this study show that both paretic and non-paretic hands acquire deficits in hand function following a CVA. This should alert the occupational therapists not to overlook nonparetic hands during rehabilitation. When planning treatment for clients with CVA, therapists should no longer assume that the non-paretic side has no deficit, or use the function of nonparetic hands as a baseline in monitoring progress of the paretic hands. Although the extent of deficit on both sides are quite different, a complete hand-function training programme should integrate both the paretic and non-paretic hands.
In this study, a standardized testing battery integrating the Chinese version of the JHFT (Chan et al, 1997) , the CMT (Tsang, 1999) and the Jamar dynamometer was developed. We found this to be a good and systematic testing protocol for the assessment of hand function. This testing protocol appears to be valid and reliable measurement yardstick to document the hand function of people with hemiplegia. With further research, the battery could probably be applied to people with other deficits in hand function, such as rheumatoid arthritis.
Limitations of the Study
Some limitations were noted while completing the study. Convenience sampling of participants was used rather than random sampling, although the confounding factors such as age and occupation were minimized. Together with the small sample size, it is not known whether or not the sample represents all Chinese elderly CVA sufferers on the whole. Regarding the assessment tools, there may be inadequate qualitative description of hand function, such as prehension patterns. Only clinical observation and photographs were taken to meet this purpose. A more systemic checklist describing the prehension patterns of the clients was recommended by the investigators. This should help with documentation of prehension in a quantitative manner. Measurement of pinch grip and sensitivity could also be incorporated into the testing battery. It may be useful for investigators to gain more information about hand function in the elderly with stroke, such as dexterity and sensibility.
In addition, only patients with left-sided hemiplegia were recruited for the study and the potential effect of visual perceptual deficits was not taken into consideration. We suggest that a further study on right-sided hemiplegia is necessary, and the factor of visual perceptual deficit should also be taken into account in future research.
Conclusion
The aim of this study was to investigate the hand function of Chinese older adults with and without hemiplegia in Hong Kong. A total of 64 Chinese older adults were recruited, of which half were diagnosed with CVA with left hemiplegia. Hand function was measured using the Chinese version of the JHFT, the CMT and the Jamar dynamometer to measure grip strength. Results indicate that the hand function of both paretic and non-paretic hands of elderly with left hemiplegia was significantly poorer than that of their healthy counterparts. The results draws attention to the previously suggested concept that the non-paretic side acquires no deficit and, therefore, can act as a reference to monitor rehabilitative progress of the paretic side. This study also suggests that when therapists are planning a training programme for patients with CVA, both the paretic and non-paretic hands should be assessed and trained. Moreover, the selected testing battery is a good and systematic assessment tool for hand function. In order to ensure valid application of this battery for the Chinese population, normalized data for the Chinese version of JHFT and the CMT should be obtained from the general population. Further studies should utilize a larger sample size, including patients with right hemiplegia.
